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Abstract

The effect of  vitamin D3 (VD3) on gastric ulcers was investigated by evaluating ulcer index, biochemical aggressive, and protective factors. Rats were divided into 4 
groups; untreated indomethacin ulcer, VD3 pre-treated + indomethacin ulcer, untreated pyloric-ligation ulcer and VD3 pre-treated + pyloric-ligation ulcer. Treatment with VD3 
(400 IU/kg intramuscular) was done daily for 6 days and an hour before ulcers induction. Four hours post-induction, the blood sample was obtained for the determinations 
of 1,25-dihydroxy vitamin D (1,25-DHCC), Parathyroid Hormone (PTH), and Calcium (Ca). Laparotomy was performed and the stomach was harvested for gastric acidity, 
ulcer index, and biochemical evaluations. The data were analyzed using statistical tools and the “student t-test” was performed at p<0.05. VD3 pre-treatmment caused 
an increase in serum levels of 1,25-DHCC, has no signifi cant effect on PTH and Ca levels but decreased gastric acidity and ulcer index (p<0.05) with protective ratios of 
42.11% and 60.00% against indomethacin and pyloric-ligation ulcers respectively. Pretreatment resulted in decreased gastric MDA, increased gastric protein, mucin, and 
nitric oxide levels. Gastric protection by VD3 was through oxidative stress inhibition and stimulation of mucus and blood fl ow against indomethacin and pyloric ligation 
gastric damage.
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Introduction

The human gastrointestinal tract is extremely exposed 
to several attacks that make it vulnerable to abrasion and 
epithelium damage and consequently ulceration [1]. The 
impact of gastrointestinal tract disorders like chronic gastritis, 
ulceration of the stomach and duodenum, adenocarcinoma 
and gastric lymphoma on human wellbeing and health has 
become a modern societal issue [2,3] considering the ranging 
rates (0.5–2 episodes/year/person) and incidence (5–100 
episodes/1000/week) of the diseases according to age and 
seasons [4]. Studies of 4 decades ago and recent ones showed 

similarities in the prevalence and incidence of gastrointestinal 
diseases [5]. Of interest in this study is peptic ulcer disease; a 
condition affecting the digestive system, which according to 
Sung, et al. [6], is characterized by an imbalance of protective 
factors (like prostaglandin, bicarbonate, and mucus), and 
aggressive factors (like gastric acid, bile salt, and pepsin) of 
the gastrointestinal tract. Gastric and duodenal ulcer is well 
documented to be a factor of Helicobacter pylori infection, use 
of Nonsteroidal Anti-Infl ammatory Drugs (NSAIDs), smoking, 
and alcohol drinking [7,8] with resultant complications such 
as gastrointestinal bleeding, obstruction, and perforation and 
increased mortality risk [9].
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H. pylori eradication has shown a signifi cant effect on the 
treatment of both peptic ulcers and gastric lymphoma [10]. 
Interestingly, Helicobacter pylori (H.pylori); a gram-negative 
bacterium colonizing the human stomach (prevalence of 25% 
in developed to 90% in developing countries [11] and the 
main causative factor in gastrointestinal diseases like chronic 
gastritis and gastric cancer [12,13], has been documented as a 
risk factor for osteoporosis in some studies [14,15], with others 
reporting controversial fi ndings [16,17]. Other studies have 
also linked H. pylori infection to play a role in extra-digestive 
disorders like cardiovascular, diabetes mellitus, skin and 
neurological diseases [18]. It was suggested by Yildirim, et al. 
[19] that vitamin D defi ciency may be a risk factor related to 
eradication failure of H. pylori, and concluded a need for vitamin 
D supplementation before the eradication of H.pylori.

Bone formation is a function of regulated metabolic 
activities of calcium and phosphorus which in turn is a 
function of vitamin D level. Beyond the known function of 
vitamin D in bone formation, it has been documented to have 
an immunomodulatory role in targeting various immune cells 
like monocytes, macrophages, T-lymphocytes, B-lymphocytes 
and dendritic cells [20] with its defi ciency reported to increase 
immune system disorders and a risk factor for infectious 
disease progression [21]. Vitamin D receptors are now 
confi rmed not to exist only on enterocytes, osteoblasts, and 
distal renal tubule cells (the main targets of vitamin D), but are 
also found on promyelocytes, keratinocytes, pancreatic islet 
cells, lymphocytes, colon cells, pituitary gland cells, ovarian 
cells and parathyroid gland cells [22]. Worrisome is the well-
documented complications of gastrectomy following vitamin 
D defi ciency and osteomalacia [23-26]. Hence, considering 
the high prevalence of gastric ulcer and its correlation with 
vitamin D defi ciency, it is therefore hypothesized that vitamin 
D treatment may protect ulcer induction. This study aims to 
investigate the possible gastroprotective effect of vitamin D3 
against experimentally induced gastric ulcers in male Wistar 
rats via evaluating macroscopic ulcer score, acidity, and some 
aggressive and protective factors of ulcer formation.

Materials and methods

Experimental animals

Twenty adult Wistar rats (120–150 g) were obtained from 
the Animal House of the College of Medicine, Ambrose Alli 
University, Ekpoma, and transferred to the Animal holding 
facility of the Department of Physiology. They were housed 
in plastic cages with a wire netting in a well-ventilated 
room with 12/12 h light/dark conditions and allowed 2 weeks 
of acclimatization. They were provided grower feed (from 
Livestock Feed PLC, Ikeja, Lagos, Nigeria, with the following 
nutritional components; 22.5% of crude protein, 12% crude fat, 
12% crude fi bre, 45% carbohydrate from maize, minirals and 
vitamins like Calcium, phosphorus, lysine, methionine, salt 
premix) and accessed to clean water ad libitum adhering to the 
experimental procedures and Guidelines for Care and Use of 
Laboratory Animals in Biomedical Research [27].

Study design and grouping

Rats were assigned to four groups (n = 5) and each received 
the following treatments.

Group 1: Positive control for indomethacin-induced gastric 
ulcer without treatment

Group 2: Pre-treated with Vitamin D3 + indomethacin-
induced gastric ulcer

Group 3: Positive control for pyloric ligation ulcer without 
treatment

Group 4: Pre-treated with Vitamin D3 + pyloric ligation 
ulcer

Pre-treatment lasted for 6 consecutive days and the dose 
of 400IU/kg (intramuscular) for vitamin D3 was used based on 
the current RDA guidelines that suggest an intake of 400–800 
IU daily [28].

Indomethacin induced ulcer model

Indomethacin ulcer induction (40 mg/kg orally) was carried 
out as previously reported by Akpamu, et al. [29] with a few 
modifi cations. Sixteen hours fasted rats in groups 1 and 2 
received indomethacin (40 mg/kg) after 1 hour of treatment 
with 0.5ml olive oil (group 1; intramuscular) and vitamin D3 
(group 2; at a dose of 400IU/kg intramuscular). The rats were 
sacrifi ced after 4 hours and laparotomy was performed through 
a midline epigastric incision. The stomach was isolated and 
the gastric content rinsed gently with 5ml normal saline into 
a petri dish and cut open along the greater curvature. Mucosa 
lesions were then photographed (using an 8MP dual camera 
with triple-fl ash light) and the macroscopic ulcer score and 
area (mm2) were determined. The gastric content was titrated 
to pH 7.0, using a 0.01 N NaOH solution, and phenolphthalein  
indicator.

Pyloric ligation ulcer model

Pyloric ligation was performed by the method described 
by Shay, et al. [30] with some modifi cations. Thirty-six hours 
food fasted rats in groups 3 and 4 were anesthetized (ketamine 
i.p.) after 1 hour of treatment with 0.5ml olive oil (group 3; 
intramuscular) and vitamin D3 (group 4; at a dose of 400IU/
kg intramuscular). Laparotomy was performed and the pylorus 
sphincter ligated with care so that there is no damage to its 
blood supply. After 4 hours, the stomach was harvested and its 
content drained, and then cut open along the greater curvature 
for ulcers score evaluation. The volume of gastric juice (ml) 
and total acid secretion in the gastric juice supernatant was 
determined by titration to pH 7.0, using a 0.01 N NaOH solution, 
and phenolphthalein indicator.

Ulcer score and indices

Macroscopic ulcer score (gross gastric mucosal lesions) 
was assessed and scored for number and severity of erosions 
using the scoring method as described by Adinortey, et al. [31] 
as 0 = No lesion, 0.5 = Hemorrhage, 1 = 1–3 small lesions < 1 mm 
length, 2 = 1–3 large lesions > 1 mm length, 3 = 1–3 thickened 
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lesions, 4 = more than 3 small lesions, 5 = more than 3 large 
lesions and 6 = more than 3 thickened lesions. The results were 
expressed as ulcer index (UI) and the percentage protection 
was calculated using the following formula:

Protection % = [(UI control − UI treated group) / (UI 
control)] x 100

Sample collection and preparation

A blood sample (2ml) was obtained via cardiac puncture 
before harvesting the stomach for the evaluations of serum 
1,25-dihydroxycholecalciferol (1,25-DHCC), Parathyroid 
Hormone (PTH), and Calcium (Ca) levels. The blood (1.5ml) 
was centrifuged at 3500rpm for 10 minutes and the serum 
was collected into Eppendorf tubes and freeze until analysis. 
The remaining 0.5ml of blood was digested with nitric oxide 
overnight for serum Ca level. 

The harvested stomachs were processed and homogenized 
in phosphate buffer (pH 7.4) at a concentration of 10% (w/v). 
The homogenates were centrifuged at 4°C for 10 min, using 
a cooling centrifuge. The clear supernatant was used for the 
assays of gastric protein, lipid peroxidation (Malondialdehyde 
content; MDA), endogenous antioxidant agent (reduced 
glutathione; GSH), mucin, and nitric oxide levels.

Biochemical assays

Serum 1,25 DHCC and PTH levels were determined using 
mouse 1,25-dihydroxyvitamin D and PTH enzyme-linked 
immunosorbent assay (ELISA) kits and the procedures by 
the manufacturer were followed. Optical densities were 
determined at 450nm for 1,25-DHCC and serum Ca levels were 
determined by atomic absorption spectrophotometry method 
after digestion with nitric oxide.

The protein concentrations of the stomach were determined 
by the Biuret method as described by Gornal, et al. [32]. Lipid 
peroxidation was determined by measuring the formation of 
Thiobarbituric Acid Reactive Substances (TBARS) according 
to the method of Varshney and Kale [33] and MDA level was 
calculated according to the method of Adam-Vizi and Seregi 
[34]. Gastric GSH were estimated following the method of 
Beutler, et al. [35]. Gastric mucin concentration was assessed 
in the supernatant using the method of Corne, et al. [36]. The 
nitrite concentration in the supernatant was measured as an 
indicator of NO production detected by the Griess reaction as 
documented in Sun, et al.[37]. 

Data analysis

Analysis of data was performed using statistical tools from 
SPSS (version 21) and the “student t-test” was performed at 
p<0.05 level of signifi cance. Results were expressed as mean ± 
standard error of the mean.

Results

Biochemical blood variables

Figure 1 represented the blood biochemical variables of 

vitamin D3 treated rats compared with the control. Vitamin D3 

treatment for 6 days resulted in a signifi cant increase (p<0.05) 
in serum 1,25-DHCC levels in the pre-treated indomethacin 
(20.24±0.78 nmol/L vs 28.49±1.75 nmol/L; p = 0.033) and 
pyloric ligation (19.27±1.01 nmol/L vs 30.35±1.55 nmol/L; p = 
0.048) groups compared with the untreated control. However, 
vitamin D3 treatments did not show any signifi cant effect 
on serum PTH or Ca levels between the treated or untreated 
control.

Macroscopic ulcer score and index

Figure 2 showed the macroscopic ulcer presentation in the 
negative control and pre-treated groups. Table 1, ulcer index 
and percentage protective ratio of vitamin D3 treatment on 
indomethacin and pyloric ligation induced ulcers. Ulcer index 
was reduced following vitamin D3 treatment in indomethacin 
and pyloric ligation ulcers. There was a percentage protective 
ratio of 60% against pyloric ligation ulcers and only 42.11% 
against indomethacin-induced ulcers.

Gastric acidity

Figure 3 showed the effect of vitamin D3 treatment on 
gastric juice volume and acidity in the indomethacin and 
pyloric ligation ulcers model. Vitamin D3 treatment caused 
a non-signifi cant reductions in gastric juice volume in the 
indomethacin (1.57±0.18 vs 1.30±0.27 ml/4 hours; p = 0.560) or 
pyloric ligation (2.23±0.24 vs 1.73±0.18 ml/4hours; p = 0.243) 
ulcer models. Although gastric juice acidity decreased in the 
vitamin D3 treated groups, there was no signifi cant difference 
compared with the untreated indomethacin ulcer model 
(27.67±8.69 vs 26.67±3.33 Meq/L; p = 0.910) or pyloric ulcer 
model (35.00±5.00 vs 25.00±5.00 Meq/L; p = 0.2302).

Gastric aggressive and protective variables 

Table 2 showed the effect of Vitamin D3 treatment on 
gastric biochemical aggressive and protective variables in 
indomethacin and pyloric ligation ulcers. Vitamin D3 treatment 
signifi cantly increased gastric tissue protein but non-
signifi cantly decreased gastric tissue MDA and GSH levels in 
both the indomethacin and pyloric ligation ulcers. Vitamin D3 
treatment signifi cantly increased (p<0.05) gastric mucin level 
in both the ulcer models (36.20±1.99 mg/dl vs 49.55±2.08 mg/
dl; p = 0.001; for the indomethacin group and 38.58±3.03 mg/dl 
vs 47.18±3.00 mg/dl; p = 0.046 for the pyloric-ligation group). 
Gastric nitric oxide level was increased following Vitamin D3 
treatment but was not signifi cant in indomethacin-induced 
ulcers (120.33±6.67 ml/organ weight vs 158.53±28.79 ml/organ 
weight; p = 0.288) or pyloric ligation ulcer (145.89±14.86ml/
organ weight vs 155.19±32.64 ml/organ weight; p = 0.653). 

Discussion

In this study, we investigated the role of vitamin D3 in 
the attenuation of gastric damage in the rat model of gastric 
ulceration. It was noticed that vitamin D3 supplementation for 
6 days caused an increase in serum 1,25-DHCC level but has 
no effect on that of serum PTH and plasma Ca. These fi ndings 
are in line with that of Fischer, et al. [38] who reported Ca/Vit 
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Figure 1: Blood biochemical variables in vitamin D3 treated rats.
Values are expressed in mean ± standard error of the mean; n = 3, * indicates signifi cant difference compared with control.
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Figure 2: Macroscopic ulcer presentation of vitamin D3 treatment on indomethacin and pyloric ligation induced ulcers.
Note: Blue arrows represent gastric deep ulcerations, red arrows represent infl ammations.
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D-supplemented diet (2.0% calcium and 2000 IU/kg vitamin 
D) to signifi cantly increase serum 25 (OH) D3 and decrease 
serum PTH with Ca/VitD-defi cient diet causing the opposite in 
ovariectomized mice.

In the present study, indomethacin and pyloric ligation 
ulcers were observed to increase the aggressive factor of 
ulcer formation and cause severe gastric mucosa damage. 
Indomethacin is an indole derivative, Non-Steroidal, Anti-
Infl ammatory Drug (NSAIDs) with anti-infl ammatory, 
analgesic, and antipyretic effects [39]. However, its inhibition 
potencies on Cyclooxygenase-1 (COX-1) and Cyclooxygenase-2 
(COX-2) enzymes [40] caused side effects that result in reduced 
prostaglandin (PG) synthesis and its anti-infl ammatory effect 

respectively [40-42]. Indomethacin inhibition of both the COX-
1 and COX-2 enzymes potently damages PG synthesis [39,43] 
and increased gastric acid secretion from the inhibition of PG 
synthesis [44]. On the other hand, pylorus ligation-induced 
ulcers are due to the accumulation of gastric acid and pepsin 
which lead to autodigestion of gastric mucosa and breakdown 
of gastric mucosal barrier [45]. Reactive oxygen species are 
also involved in the pathogenesis of pylorus ligation ulcers 
[46]. These were evident in the present study considering the 
increased gastric juice volume and acidity as well as the reduced 
level of mucin in the untreated groups of both indomethacin 
and pyloric ligation ulcer induced. Also, the role of toxic 
oxygen radicals in the etiopathogenesis of indomethacin-
and pyloric ligation-induced gastric damage has been shown 
[46,47] and studies show that antioxidant parameters reduced 
in gastric tissue with indomethacin-induced damage [48-51]. 
We also observed an increased MDA level; a marker of lipid 
peroxidation, following indomethacin and pyloric ligation-
induced gastric ulceration.

Peptic ulcer is one of the major gastrointestinal disorders 
that occur due to an imbalance between the offensive (gastric 
acid secretion) and defensive (gastric mucosal integrity) 
factors [52]. Thus, reduction of gastric acid output and gastric 
mucosal reinforcement has been the major approaches for 
therapy. In this study, we found 6 days pre-supplementation 
of rats with vitamin D3 to enhance gastric protective factors 
and mitigate gastric aggressive factors. Specifi cally, vitamin 
D3 pre-supplementation of rats protected gastric mucosa 
damage by protective ratios of 42.11% and 60.00% against 
indomethacin and pyloric ligation ulcers respectively. These 
gastric mucosa protections by vitamin D3 pre-supplementation 
may have resulted from the signifi cant stimulation of gastric 
mucus and nitric oxide which may have caused the reduction 
of gastric juice volume, acidity, and MDA level. It is well known 
that compounds such as nitric oxide elicit their antiulcerogenic 
effects by improving gastric blood fl ow and inhibiting the 
adhesion of leukocytes in gastrointestinal microcirculation and 
consequently accelerate ulcer healing [53]. Thus, the fi ndings 
of the present study point toward the fact that vitamin D3 pre-
supplementation may produce their gastro-protective effect 
via stimulation of mucus production and gastric blood fl ow.

In recent times, peptic ulcer disease association with 
osteoporosis is under extensive discussion [54]. Some 
observational studies have reported the prevalence and severity 
of vitamin D defi ciency to be high in patients with diabetic foot 
ulcers [55,56] and another recent study found that vitamin D 
supplementation signifi cantly improves parameters of wound 
healing among patients with diabetic foot ulcer compared 
with the placebo [57]. In agreement with the fi ndings of the 
present study, vitamin D supplementations have been shown 
to decrease infl ammation and oxidative stress in gestational 
diabetes and diabetic foot ulcer patients [58,59].

Conclusion

Judging by the fi ndings of this study, there is a prospect 
that vitamin D3 pre-supplementation may be gastroprotective 
through increase production of mucus and stimulation of blood 

Table 1: Ulcer index and percentage protective ratio of vitamin D3 treatment on 
indomethacin and pyloric ligation induced ulcers.

Indomethacin gastric ulcer 
induced

Pyloric-ligation induced

Control Vitamin D3 treated Control
Vitamin D3

Treated

Ulcer index
42.22 24.44 37.50 15.0*

% protective ratio
0.00 42.11 0.00 60.0

Values are expressed in mean ± standard error of mean; n = 5, * signifi cant 
compared with control.
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Figure 3: Effect of Vitamin D3 treatment on gastric juice volume and acidity in 
indomethacin and pyloric ligation ulcers
Values are expressed in mean ± standard error of the mean; n = 5.

Table 2: Protective effect of vitamin D3 treatment on gastric biochemical aggressive 
and protective variables in indomethacin and pyloric ligation ulcers.

Gastric tissue
Indomethacin induced ulcer Pyloric ligation ulcer

Control
Vitamin D3 

treated
Control

Vitamin D3 
treated

Protein (mg/dl) 1.07±0.06 1.54±0.06* 1.31±0.01 1.86±0.07*
MDA (u/ml) 1.16±0.001 1.09±0.001 1.19±0.01 1.02±0.003
GSH (mg/dl) 2.38±0.40 2.20±0.07 2.49±0.29 2.07±0.01

Mucin (mg/dl) 36.20±1.99 49.55±2.08* 38.58±3.03 47.18±3.00*
NO (ml/organ 

weight)
120.33±6.67 158.53±28.79 145.89±14.86 155.19±32.64

Values are expressed in mean ± standard error of the mean; n = 5, *signifi cant 
compared with control. 
Key: MDA = Malondialdehyde, GSH = Glutathione, NO = Nitric oxide
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fl ow which in turn inhibits gastric juice volume, acidity and 
weakens oxidative lipid peroxidation produced by indomethacin 
and pyloric ligation ulcers.
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